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Section I 
Physiology: The Nature of Fatigne 
GENERAt INTRODUCTION AND DEFINITION OF PHYSIOLOGICAL FATIGUE 
Since it is the purpose of this study to indicate 
the nature of fatigue and to show its relation to health and 
work, a definition of the term, fatigue, conveniently intro-
duces the subject of this thesis. Fatigue, then, may be 
defined as a physiological condition brought about by pro-
longed or excessive activity and resulting in decreased effi-
ciency of function. 
A decreased efficiency of function resulting from 
excessive activity may be characteristic of a part of the 
body or of the entire body; in other words, fatigue may be 
local or general. The t erm, however, is usually associated 
with the muscular system which affords the commonest example 
of fati~e. Nevertheless, the nervous system is known to be 
most easily subject to fatigue and nervous fatigue may be of 
two types, namely, sensory fatigue and nervous fatigue. 
Modern physiologists recognize the influence of the 
regulating and coordinating mechanisms - the nervous system 
and the endocrine system - which bring the various systems of 
the body into close relationship. If this be true, it is 
possible to conceive of a decreased efficiency of function 
occurring in one part of the body and affecting, more or less, 
the entire organism. In general, then, the term fatigue in 
this study implies a general condition of fatigue produced 
primarily by excessive muscular activity. 
BRIEF HISTORY OF THE PROBLEM OF FATIGUE 
Inasmuch as fatigue results from excessive activity, 
an investigation of the phenomena associated with muscular 
contraction appears to be the obvious method of attacking the 
problem of fatigue. The earliest scientific investigation of 
this problem was made by Rancke, a German .physiologist. 
1 As early as 1865, Rancke claimed that during mus-
cular contraction certain fatigue substances are formed as a 
result of chemical changes. According to him, these fatigue 
substances had the effect of depressing or inhibiting the 
power of muscular contraction. To support his view, he made 
extracts from the fatigued muscles of one frog and injected 
these into the circulation of another fresh frog. On the 
other hand, control experiments with extracts of unfatigued 
muscles showed no evidence of fatigue. Rancke thought that 
these fatigue substances consisted of the known products of 
muscular activity, namely, lactic acid, earbon dioxide, and 
possibly acid potassium phosphate. 
Toward the close of the nineteenth century the 
problem of fatigue was studied from the standpoint of muscu-
lar efficiency, and one of the devices for a study of this 
nature was the ergograph. 
1 -Howell: Textbook of Physiology. 
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At ab"out the same time, the significance of the 
energy relationships involved in fatigue was realized and 
by means of a respiratory apparatus the respiratory ~o­
tient could be ascertained. This shed important light on 
the energy relationships which made it possible to inter-
pret fatigue on a physical basis and in terms of oxidation. 
In 1904, Weiehardt performed experiments similar 
to Rancke's earlier ones. The results of Weichardt's exper-
iments led him to believe that there was a specific fatigue 
toxin which he subsequently claimed to have found and to 
Which he gave the name, "kenotoxin~. This stimulated other 
physiologists to search for specific fatigue substances and 
although Weichardt's work has never been confirmed, it did 
create an interest in the phenomena of fatigue along experi-
mental laboratory lines. More recently, ' fatigue studies have 
been made in relation to industry and health, and it is found 
that the early problem of fatigue has grown in scope and com-
plex! ty. 
'.fHE NATURE OF FATIGUE: FATIGUE THEORIES 
As a result of the early investigations of the prob-
lem of fatigue, certain fatigue theories have been formulated. 
In general, physiologists have entertained these views: 
1. The Specific Toxin Theory. According to this theory, 
excessive activity results in the formation of katabolic prod-
ucts that differ in kind from those ordinarily produced and act 
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as specific fatigue toxins. For example, "kenotoxin", a 
specific fatigue substance analogous to a bacterial toxin 
is one of the katabolic products - not normally produced -
that is formed as a result of excessive activity and it is 
this "kenotoxin" that is responsible for fatigue. This view 
was entertained by Weichardt. 
2. The Fatigue-Energy Theory. This theory holds that 
there exists a definite relationship between the energy sup-
plied to the body and the energy expended in performing work. 
A failure to release sufficient energy to perform work effi-
ciently is regarded as evidence of fatigue. For example, 
the energy relationship may be expressed as follows: ta) To 
do work the body requires a sufficient amount of food material 
from which to draw the necessary energy; if the food is insuf-
ficient, the source of energy may be inadequate for the work 
to be performed and fatigue results. tb) On the other hand, 
there may be an adequate source of energy, but on account of 
faulty oxidation there may result a relative depletion of the 
energy available for work. (c) During excessive activity the 
useful energy is expended more rapidly than can be made avai 1-
able and fatigue results. 
3. The Accumulation Theory. According to this theory 
excessive activity results in the production of katabolic 
products which form more rapidly than they can be removed. 
These products do not differ in kind from the ordinary products 
of katabolic activity, but because they are not removed with 
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sufficient rapidity, they accumulate to a degree that is 
relatively in excess of their normal concentration. The 
normal products of muscular activity are lactic acid and 
carbon dioxide and an excess accumulation of these katabolic 
products is supposed to have a toxic effect which inhibits 
or depresses the muscular activity. This depressed or in-
hibited muscular activity brought about by the toxic effect 
of an increased amount of the ordinary products of katabol-
ism is regarded as evidence of fatigue. 
DISCUSSION OF 1ATIGUE THEORIES 
1. The specific Toxin Theory. As yet there is no basis 
for scientific recognition of this theory even though this 
view has received some support by physiologists. Although 
there have been several attempts to establish the existence 
of specific fatigue substances that are not ordinarily formed 
in katabolism, Weichardt's "kenotoxin" was the only finding 
which was credited for any length of time. Even the existence 
of Weichardt •a kenotoxin was doubted and investigations at 
various times failed to reveal the existence of a specific 
fatigue toxin. As late as 1924, Lee and Aronovitoh carefully 
cheeked Weichardt's work and they reported that they could 
not establish the existence of kenotoxin, nor could they find 
evidence for any specific fatigne substance which differs 
from the ordinary products of katabolio activity. 
2. ~he Fatigue-En~rgy Theor¥• This theory has its basis 
in physical law and an expl~1ation of fatigue on the basis of 
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energy relationships has always been considered very satis-
factory. When fatigue is explained by this theory, it is held 
that excessive activity or :prolonged work results in a decreased 
efficiency of fUnction becaus e the supply of energy available 
f or work has been depleted. This may be due to a failure in 
the efficiency of the oxidations within the body. A failure 
in the efficiency of the oxidations within the body may also 
be responsible for the excess accumulation of katabolic prod-
ucts of activity. According to the explanation of fatigue on 
the basis of energy relationships, the active tissue cannot 
maintain its efficiency when it does not receive energy as 
rapidly as it expends energy. When the active tissue per-
forms work, a failure in the efficiency of the energy trans-
formations results in a decreased capacity for work Which is 
assumed to be evidence of fatigue. 
3. The Accumulation Theory. In so far as this theory 
is based upon experimental data, there exists considerable 
favorable evidence which warrants the acceptance of this view. 
The best proof of this theory lies in the early work of Rancke, 
the later confirmatory work of Lee and the recent researches 
of Meyerhof. The theory is based upon the following data: 
The known products of muscular activity are carbon dioxide and 
lactic acid. and when muscular activity proceeds under condi-
tions involving a relative diminution of the oxygen supply to 
the active tissue. there results an actual accumulation of 
these products. :Particular importance has been assigned to 
the role of lactic acid, for it is thought, that when lactic 
acid accumulates in the active tissue to a degree that is in 
excess of its normal concentration, it diffUses into the 
blood and is transported by the blood to other parts of the 
body which may be affected by the transported lactic acid. 
Since it is found that the initial effect of lactic acid 
formation increases the irritability of the active muscles 
and the later effect decreases the irritability of the active 
muscles, physiologists are inclined to accept the view that 
the excess accumulation of lactic acid in the tissues is re-
sponsible for fatigue. 
!2!1 - In reality, a failure in the efficiency of 
the energy transformations within the body is so closely re-
lated to the excess accumulation of the katabolic products of 
activity that the two processes may be regarded as inter-
dependent. In other words, the Fatigue-Energy theory and the 
Accumulation theory overlap, for it is conceivable that the 
excess accumulation of lactic acid may be due to a failure in 
the efficiency of the energy transformations or a failure in 
the efficiency of the energy transformations may be due to 
the excess accumulation of lactic acid. 
Many writers who use the expressions, "fatigue sub-
stances", "fatigue toxins" or ttwaste products" imply that they 
refer to the normal products of katabolism. Where the same 
expressions appear in this thesis, a relative increase over 
the normal concentration of the ordinary products of katabolio 
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activity, is implied. 
A description of the processes involved in the 
accumulation of fatigue substances follows: 
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THE RELATIOlt OF CHEMICAL CH.AliGES IN MUSCLE TO LACTIC ACID PRODUCTION 
1. The Fate of Lactic Acid. Because the presence of 
an excess amount of lactic acid in the active muscles is con-
sidered to be one of the most important factors responsible 
for fatigue, the results of recent researches by such men as 
Meyerhof, Hill,' Long, and others are of considerable signifi-
cance in that new light has been shed on the nature of chemi-
cal changes involved in muscular contraction. 
The experiments of these men deal with certain chem-
ical changes in muscle during contraction, such as: (1) the 
production of lactic acid, (2) the utilization of oxygen, (3) 
the disappearance of glycogen, and (4) the formation of car-
bon dioxide. Each of these factors is significant. 
At present there seems to be no doubt that the lac-
tic acid produced by muscular contraction is formed from the 
glycogen present in muscle. For a long time, it was known 
that the amount of lactic acid in resting muscle is very small 
and that the amount of lactic acid is greatly increased if the 
muscle contracts in the absence of oxygen. It was also known 
that if muscular contraction takes place when there is an 
abundance of oxygen, the lactic acid produced by the contraction 
rapidly disappears. The exact nature of the disappearance of 
lactic acid, however, was not known until Meyerhof (1923) 
proved that some of the lactic acid formed from glycogen is 
converted to glycogen. 
Recent studies reveal the fact that glycogen dis-
appears from a muscle in proportion to the functional activ-
ity of the muscle. Moreover, investigations show that there 
is a definite relation between the amount of glycogen that 
disappears and the amount of lactic acid that is formed when 
muscle contracts under anaerobic conditions. At present it 
is thought that from one-fourth to one-si~h of the lactic 
acid produced by muscular contraction is oxidized, and some 
of the chemical energy thus liberated is utilized in synthe-
sizing the rest of the lactic acid (three-fourths to five-
sixths) to glycogen. It is also believed that the carbon 
dioxide formed is produced (after the contraction of the mus-
cle is over) by the oxidation of the lactic acid. The amount 
of carbon dioxide produced, then, may be regarded as an index 
of the amount of lactic acid oxidized. 
The formation of lactic acid from glycogen results 
in a release of energy while the synthesis of lactic acid into 
glycogen results in a restoration of the energy to the muscle: 
~-------------------- glycogen ~<--------------------~ 
energy I energy 
released 
~--------~lactic acid carbon dioxide 
restored .. 
Muscular activity results in the formation of lactic 
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acid from glycogen and so long as the organism is function-
ing efficiently part of the lactic acid is converted to gly-
cogen so that no excess accumulation of lactic acid results. 
Thus there is a state of equilibrium between lactic acid 
formation and glycogen restitution. When the equilibrium is 
upset, the lactic acid accumulates to its "fatigue maximum 
concentration" and then fatigue results. 
2. Influence of Aerobic and Anaerobic Conditions on 
Lactic Acid Production. According to Evans' 1 presentation 
of Meyerhof's work, the net result of the respiration pro-
cesses in resting muscle is a combustion of glycogen with the 
utilization of an equivalent amount of oxygen and the produc-
tion of an equal amount of lactic acid. Under conditions of 
oxygen lack (anae~obiosis) the amount of lactic acid that 
accumulates in the resting tissue is found to be of about the 
same order as the glycogen that is lost, and lactic acid con-
tinues to increase unti 1 a definite maximum is reached. After 
reaching the "fatigue maximll.lll concentration" of lactic acid, 
the muscle dies if oxygen is not supplied. 
If_ returned to aerobic condition, the muscle recov-
ers and this returri of fUnction is accompanied by three defi-
2 
nite chemical phenomena: "(1) The disappearance of lactic acid, 
(2} an increase of glycogen, and (3) the utilization of oxygen 
at a rate greater than that previous to the period of anaerobi-
1 -Evans, c. L., Recent Advances in Physiology. 
2 - " " " " " " " t p. 199. 
ll 
osis. ~his increased oxygen usage (called "oxygen excess") 
is at first high; it subsides at first quickly, then more 
slowly, to the original basal level, which is only reached 
after many hours. As soon as the oxygen usage has returned 
to its resting level, but not before, the lactic acid is 
also found to have the low value which characterizes the 
resting tissue." 
The inference drawn from the chemical changes in 
resting muscle is that the lactic acid is being produced 
in the tissue at the same rate as during anaerobiosis, but 
fails to accumulate, not because it is wholly oxidized away, 
but because the recovery process is going on continuously. 
~Vhen muscle is stimulated, however, it is sup-
posed that the chemical changes in the active muscle do not 
differ from the chemical changes of resting muscle, but that 
the chemical changes of the active muscle are accelerated~ 
Stimulation of muscle under conditions of anaerobi-
osis brings about a rapid accumulation of lactic acid and a 
maximum value called a "fatigue maximum" is soon reached. 
When the oxygen supply to the muscle is renewed, the oxygen 
usage is raised to ten or fifteen times its resting value, 
while the "oxygen debt" contracted during the anaerobic pe-
riod of stimulation is being eliminated. This corresponds 
with the removal of lactic acid and the recovery of the ex-
citability of the muscle. 
Meyerhof has shown in his experiments that the rate 
12 
of disappearance of lactic acid is about eight times as 
fast in a muscle in ~ as in excised muscle. One of the 
reasons advanced to explain the recovery of muscles in situ 
postulates the possibility of lactic acid diffusing into 
the blood stream as soon as the rate of lactic acid produc-
tion begins to exceed the recovery velocity. 
3. ~he lnfluence of ~hosphates on Lactic Acid Con-
centration. Laqueur showed that a higher lactic acid maxi-
mum is reached when the muscle is suspended in an alkaline 
solution. Eeyerhof confirmed this but found that the high.:. 
est lactic acid figures are reached when the solution is 
alkaline and also contains phosphates. Under these circum-
stances, if oxygen is excluded, the whole of the glycogen 
is converted into lactic acid. 
The inferenc~from Meyerhofis experiments are 
that phosphates play an important part in the break-down 
process and that the process of formation of lactic acid 
from glycogen tends to inhibit itself as soon as the lactic 
acid has accumulated in sufficient amount to render the muscle 
acid enough to check the process of conversion. The various 
experiments show that the lactic acid maximum is not always 
the same, but depends on the conditions of the experiment. 
Under most conditions the formation of lactic acid ceases be-
fore all the glycogen store of the muscle has been removed. 
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'tHE HESULTS o:E' RECENT RESEARCHES RELA'l'I VE TO THE PRESENCE 
OF LACTIC ACID IN THE BLOOD 
1. The Effect of Alkalinity on Lactic Acid Destruction. 
Lactic acid has also been detected in the blood by many in-
vestigators. uonsequently it has been supposed that even 
while the body is at rest, there is a certain amount of mus-
cular activity which implies a constant rate of production of 
lactic acid, some of which diffuses into the blood and is 
slowly oxidized. Macleod and Knapp showed an increased a-
mount of lactic acid in circulating blood when the blood was 
made more alkaline, while Anrep and Cannan demonstrated. that 
the lactic acid in the blood is decreased in amount when car-
bon dioxide is added to the blood, and increased in amount 
when the carbon dioxide is removed. On the basis of their 
experiments it is thought that when the blood becomes less 
alkaline, lactic acid destruction is accelerated, while when 
the blood is more alkaline, lactic acid accumulates. This 
sugges t s that t he very accumulat ion of lactic acid in the 
blood, which will make the blood less alkaline, will bring 
about an accelerated rate of lactic acid destruction and so 
lead to a state of balance at a lower level than would other-
wise take place. 
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2. The Oxidation of Lactic Acid during Exercise. During 
exercise lactic acid is being produced at a greatly acceler-
ated rate and in spite of the process of laotto acid destruo-
tion described above, the lactic acid tends to accumulate 
in the blood. The r~te of accumulation of lactic acid in 
the blood depends on the severity of the exercise. If the 
exercise is so severe that the lactic acid is being produced 
faster than the muscle can oxidize it away, then the amount 
of lactic acid which may be found in the blood can reach 
quite a high concentration, but if the oxidative processes 
in the muscle can cope with the lactic acid production and 
remove it as fast as it is being formed, the escape into the 
blood is very small. 
Experiments show definitely that very severe exer-
cise results in a considerable accumulation of lactic acid 
in the muscles and to some extent in the blood; after the ex-
ercise is over, this excess lactic acid is oxidized away. 
When the severity of the exercise is reduced (i.e. in moder-
ate exercise) the accumulation of lactic acid is found to be 
smaller. The reason for this lies in the fact that most of 
the lactic acid - in the case of moderate exercise - is oxi-
dized away during the exercise. In this case, it is thought 
that the formation of lactic acid just balances the oxidation 
o£ the lactic acid previously produced, so that a steady state 
is set up in which the concentration of lactic acid in the 
muscles is quite low. This steady state is easily explained 
by assuming that as the lactic acid tended to accumulate, 
the oXidative reactions by which it is removed would be ac-
celerated. 
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An important factor is brought to light by the 
work of Campbell, Douglas and Hobson Who show that the oxy-
gen intake is increased not only during the period of exer-
cise, but also for some time after its cessation. This in-
creased and prolonged oxygen usage ia found to vary directly 
with the severity of the exercise and is explained to be due 
in part to the oxidation. tin the recovery process) of the 
lactic acid produced during the exercise. 
3. Oxygen Intake during Varying Degrees of Exercise. 
In the light of experiments on isolated muscle, it is thought 
that a person doing severe exercise fatigues in about thirty 
seoonds, because at the end of this time the lactic acid con-
tent of the muscle has reached its fatigue man.mwn. When a 
person goes through a period of severe exercise, the amount 
of oxygen which he takes in is not found to be large com-
pared to the amount of oxygen that would be required to pre-
vent the accumulation of lactic acid during the period of 
exercise. The total available oxygen is so low, not because 
the person does not need more, but because he can not get it 
faster; the limiting factor is the heart, which can not pump 
blood quickly enough to supply the tissues the oxygen which 
will enable them to oxidize the lactic acid as fast as it is 
formed. 
Daring the period of rest following ~_ period of ex-
ertion, the rate Qf oxygen intake falls off, quickly at fi rat, 
then more slowly. A constant level of oxygen intake is not 
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reached for a long time after the completion of the exercise, 
i perhaps not until one and a half to two hours later J. The 
excess o.:f oxygen used over and above the amount used during 
rest is called "excess oxygen". When a curve of the excess 
oxygen intake is plotted against the time which has expired 
since the termination of the exercise 1Fig. 2), the area of 
the curve, up to the time when the value attains a constant 
level, tells how much oxygen has been utilized in the recov-
ery process of the fatigued muscle. 
Evans shows that during the period of recovery 
fr.om exercise, the total excess oxygen amounts to about ten 
liters, while the total oxidation associated w1 th the exer-
cise has been 12.8 litera, of which only 2.8 liters has been 
used during the exercise. This means that during the period 
of exercise, the muscles have committed the body to a re-
moval of an amount of lactic acid whi~h re~uires 12.8 liters 
of oxygen, but the body- has only been able to get 2.8 .11 ters. 
The remaining 10 liters of oxygen are left over as an 
"oxygen debt" ·which can not be redeemed unti 1 after the work 
has ceased. 'l'his explains why the body can not maintain very 
severe exercise for more than about half a minute, because at 
the end of this time conditions are such that concentration 
of the lactic acid has reached its fatigue maximum and the 
effort of the muscles to contract is checked. 
A. Moderate Exercise. In moderate exercise, lactic acid 
1'1 
is formed at a greatly increased rate; as soon as this 
happens the oxygen consumption by which the lactic acid is 
removed is likewise accelerated. As the lactic acid con-
tinues to be formed, the oxygen intake also increases. Hence, 
the more lactic acid there is accumulated in the muscle, the 
faster becomes the oxidative process which removes the excess 
lactic acid and so tends to prevent further increase. ]1inal-
ly (in moderate exercise) the speed of recovery process be-
comes equal to that of the break-down process. The oxygen 
intake rises very quickly at first, then more and more slowly, 
and finally reaches a uniform rate Which can be kept up for 
a considerable length of time lFig. 1, A and B). The uniform 
rate is reached when the lactic acid content of the active 
muscle has risen high enough to bring about an oxygen usage 
great enough to keep pace with the lactic aoid production. 
This is called the "steady state" which means that _there has 
occurred a steady rate of oxygen usage and that the content 
of lactic acid in the muscle has reached a constant level. 
In other words, there has occurred a balance between the 
rates of lactic acid formation and removal. If the exercise 
is more severe, there will be a greater oxygen usage and a 
greater lactic acid content when the steady state is reached. 
Even in mild exercise leading to the establishment of a steady 
state, there is still an oxygen debt, though it may be a small 
one. for when the exercise ceases, the oxygen usage does not 
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immediately fall to the resting level, but slowly subsides 
as the lactic acid pres~nt in the steady state is oxidized 
away. 
B. Violent Exercise. As the severity of the exercise 
increases, the oxygen utilization necessary to enable the 
steady state to be kept up also increases, and the amount 
of lactic acid present during the steady state likewise be-
comes greater with increasing effort. But so long as the 
recovery process can keep pace with the breakdown process 
(i.e. as long as the oxygen supply to the muscles is ade-
quate) the lactic acid remains at the level value of the 
steady state so that the total amount of lactic acid present 
and the corresponding oxygen debt are not great. Exercise 
of this nature can be kept up for very long periods. But if 
the exercise becomes very severe, the lactic acid is formed 
at such a rate that the oxygen supply reaches the limit of 
value and can not be further increased. Then the steady state 
is not possible; the equilibrium between lactic acid formation 
and removal is destroyed. As a result, the lactic acid accu-
mulates more and more, and finally brings the performance to 
an end as soon as fatigue maximum is reached. In such cases 
the oxygen debt is very heavy and the process of recovery is 
prolonged. 
c. Comparison of Moderate with Violent Exercise. 
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Fig. 1 - Excess oxygen intake at commencement of work of 
different degrees of severity. In A and B the 
steady state is reached. InC the limit of supply 
is reached. (After Hill and Lupton) 
Fig. 2 - Recovery excess intake of o~gen after work. A 
and C represent recovery from work comparable With 
that in the curves A and C of Fig. 1. 
Fig. 3 - Relation between speed of locomotion and oxygen 
requirement. Curve A. walking; curve B, running. (After Hill, Long and Lupton) 
The experiments of Hill, Long and Lupton show that 
the oxygen debt was relatively small where the exercise was 
of mild character. In very violent exercise (even for a few 
seconds) there may be as large an oxygen debt as results from 
moderate exercise in one hour. The oxygen debt can acquire 
large proportions when the exercise is both violent and rela-
tively prolonged. 
D. Oxygen Debt and Lactic Acid Maximum. burther data from 
the Hill, Long and Lupton.: experiments show that in a man of 
~0 kg. body weight, the total lactic acid formed during severe 
exercise may be of the order of 100 grams. Even if it is as-
sumed that one-third of this has been able to diffuse away 
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into the blood stream, there would still remain enough in 
the muscles to reach a concentration of 0.3 to 0.4 per cent., 
a figure which agrees well w1 th the fatigue maxima derived 
from experiment. The amount of o:xygen that can be supplied 
to the tissues is limited and under the above conditions the 
oxygen debt would be very great. In the severest forms of 
exercise, lactic acid is formed at a rate of about 3 grams 
per second, so that a maximal effort oan last only for about 
30 seconds. According to the results of the experiments of 
Hill, Long and Lupton, (1923, 1924), a higher oxygen debt can 
be contracted when oxygen is breathed . than when air is breathed. 
The explanation for this is based on the following assumption: 
when oxygen is breathed, the distress for some reason is not 
felt so soon, so that the effort can be kept up for a longer 
time than when air is breathed. 
4. Relation Between Carbon Dioxide and Lactic Acid. 
During exercise lactic acid accumulates rapidly. The experi-
ments of the above-mentioned investigators have also shown 
that in severe exercise lactic acid accumulates in relatively 
large amount in the blood plasma and this leads to an accel-
erated output of carbon dioxide. If lactic acid is being lib-
erated at the rate of about 3 grams per second during intense 
muscular effort, and even if this amount displaces an equiv-
alent amount of carbon dioxide, there would be a removal of 
about 0.73 liters of carbon dioxide per minute tabout 0.245 
liter per gram) in addition to that set free by contemporary 
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oxidations. To assume that the carbon dioxide is directly dis-
placed from its combination as carbonate is incorrect. It is 
thought that as soon as the lactic acid is formed, it is neu-
tralized by the sodium protein compounds of the blood. This 
raises the hydrogen ion concentration of the blood which leads 
to increased ventilation. In this way an equivalent amount of 
carbon dioxide is removed. The lactic acid production, however~ 
is so rapid that the lungs are unable, in spite of the in-
creased ventilation, to wash out the carbon dioxide fast enough. 
Consequently carbon dioxide accumulates in the body during 
severe exercise. 
For example, suppose a man can produce in twenty 
seconds 60 grams of lactic acid, of which he can perhaps ox-
idize away 10 grams at the most. ~he remaining 50 grams would 
displace about 12 liters of carbon dioxide, but such a large 
amount could not possible be eliminated from the body in 20 
seconds, for this would imply a content of 30 or more per 
cent. of carbon dioxide in the expired air. 
A. Carbon Dioxide OUtput After Exercise. When exercise 
ceases, the oxygen intake falls very rapidly, as seen from 
i!'ig. 2, but the elimination of carbon dioxide Jilll::Bt still con-
tinue until the hydrogen ion concentration of the blood has 
been reduced to the resting level. Consequently, the respi-
ratory quotient at first shows a sharp rise. When the re-
moval of carbon dioxide has been sufficient to restore the 
the hydrogen ion concentration of the blood to a normal value, 
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respiratioA returns to about normal. 
When this stage has been reached, a oo.nsiderable 
amount of lactic acid is still present in the blood and tis-
sues and as this is being oxidized in the course of the re-
covery process, liberating the base again, the reverse of 
· the process must take place in order that the tissues may 
not become too alkaline. 
If it is postulated that for each gram of lactic · 
acid there has been - during and immediately after the exer-
cise - an elimination of about 0.246 liter of carbon dioxide, 
then, as soon as this liberated carbon dioxide has been re-
moved from the body, each gram of lactic acid oxidized will 
require the retention of a similar 0.245 liter of carbon 
dioxide. It was found that 1 liter of oxygen brought about 
the removal of about 7 grams of lactic acid, of which about 
one-fifth t 1.4 grams) is actually oxidized yielding 1 liter 
of carbon dioxide. In the later stages of exercise the 7 
grams of lactic aoid so removed would require a retention of 
7 x 0.245 liters of carbon dioxide. Then there would be 1 
liter of carbon dioxide produced by oxidation, While there 
would be retention of 2.7 liters. This would indicate a net 
retention of 1.7 liters of carbon dioxide. This proves that 
there is retention of carbon dioxide formed elsewhere in the 
body to make up the loss of carbon dioxide effected by the 
production of lactic acid and the elimination of carbon diox-
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ide in the early stages of exercise and recovery. The ~n­
imal value of the respiratory quotient due to this retention 
occurs after severe exercise, at the end of about 70 or 80 
minutes of recovery. 
B. The Efficiency of Recovery. It has just been shown 
that during the later stages of the recovery process there 
is retention of about 1.7 liters of carbon dioxide for each 
liter of oxygen used in the recovery process. This means 
that for each liter of excess oxygen there is a deficit of 
1.7 liters of the excess carbon dioxide. In other words, 
the carbon dioxide output of the body is less than the rest-
ing value by 1.7 liters. This is based on the assumption 
that four-fifths of the lactic acid is converted to glycogen, 
while one-fifth of it is destroyed by oxidation, which has 
been checked by Hill, who demonstrated such a ratio between 
the excess oxygen and the excess carbon dioxide. This corre-
sponds with the fall in the respiratory quotient (in the later 
phases of the recovery process) to a value much lower than the 
resting value. 
c. The Importance of the Respiratory Quotient. The recent 
studies show that energy expenditure associated with a piece 
of hard muscular work can be best derived by finding the total 
oxygen requirement, as seen in combined exercise and recovery. 
It also appears that the clearest light on the total metabol-
ism of contraction would be obtained by the study of the total 
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excess oxygen and excess carbon dioxide during the entire 
period of exercise and recovery. When this is done, it is 
found that the excess ma, abolism has a respiratory quotient 
of exactly unity. This ~eans that carbohydrate is the source 
of energy for contractio1nl. Experiments sBem to show that 
carbohydrate is the real fUel which is used by the contract-
ing muscles and when the arbohydrate is all used up, other 
substances such as fat o be called upon - these being 
probably converted rbohydrate. 
PHYSIOLOGICAL CHANGES INVOLVED IN ACTIVITY 
The physiologic r l changes occurring during exercise 
may be considered in relation to the entire organism by fol-
lowing the process es invo l ved in muscular activity. 
\~en muscle conrracts, energy is expended, and car-
bon dioxide and lactic act d are produced. The energy is de-
rived from glycogen, the carbohydrate material which is being 
oxidized. So long as effl ciency of the organism is maintained 
it is Bupposed that the o~dations within the body take place 
effectively and that the ~lood is removing the katabolio pro-
ducts of activity as fast as they are being formed. 
If the muscle iforeases ita activity, more oxygen 
must be brought to the active tissue in given time. This is 
accomplished by the cardi f -vascular system which increases 
the blood flow and the re piratory system which increases the 
oxygen supply to the bloo . • What takes place is this: The 
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heart responds to the incr ased demands by increasing its 
minute volume of output. 'his change is accomplished by an 
increase of the pulse rate or an increase of the stroke-
volume of the heart. The ~ xygen transport by the blood is 
thereby increased as is also the oxygen utilization. The 
dilation of the arterioles of the muscles aids the increased 
blood flow. According to ~ainbridge, the minute output of 
the heart is increased dur~ng exercise both by a greater 
outpnt per beat and an acej lerated rate. An increased minute 
output of the heart is dependent upon an increased venous 
flow. Since the output ofj the heart per beat depends (accord-
ing to Starling• s Law of t e Heart) upon the length of the 
fibers at the beginning of systole, the increased diastolic 
filling of the heart Which follows the increased venous in-
flow is favorable to an in reased output per beat. The in-
creased venous inflow is d le to the increased mechanical 
pressure of the active mus lee and to the movements of the 
respiratory muscles. 
The respiratory ,ystem helps to increase the supply 
of oxygen by responding witJh an increase in depth and rate of 
breathing. The increase i depth and rate of breathing also 
aids in the ef'fecti ve remo [al of the katabolic products of 
muscular activity. The sweat glands may also cooperate in 
the removal of the products of katabolism. 
The above changes indicate that the organism is 
functioning efficiently. . he importance of the nervous sys-
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tern which regulates these changes is realized. As the ac-
tivity continues it is found that the supply of energy final-
ly can not keep pace With the expenditure of energy. The 
acceleration of the organic processes accompanying the in-
creased activity can not be maintained. The supply of oxy-
gen can not meet the demands of the active tissues. After 
all, the output of the heart is limited and so is the work 
of the respiratory organs. As a result, there is contracted 
a growing oxygen debt which impairs the efficiency of the 
entire body. This is evidence of fatigue. The oxidation 
reactions are ultimately retarded by long continued or ex-
cessive activity. The efficiency of the removal processes 
is impaired; the katabolic products can not be removed rapid-
ly enough to prevent their accumulation in the active tissues 
and in the blood. There is exerted a toxic or depressant 
effect (particularly by the lactic acid} which so affects 
the entire body that the efficiency of the organism is im-
paired. Fatigue is the result. 
CONCLUSION AND SUl~Y 
1. The main views concerning the nature of fatigue have 
been presented in the specific toxin theory. the fatigue-
energy theory and the accumulation theor.y. 
2. The specific toxin theory is disproved. The energy 
theory and the accumulation theory afford favorable explana-
tions of the nature of fatigue because there exists support-
2'7 
ing experimental evidence. 
3. Studies of the chemical changes occuring during 
muscular activity show that the utilization of oxygen. the 
disappearance of glycogen and the formation of carbon diox-
ide are significant factors that have an important bearing 
on the production of lactic acid. 
4. The lactic acid produced by muscular contraction is 
formed from the glycogen present in muscle. If the efficien-
cy of the organism is maintained, lactic acid is converted 
to glycogen as rapidly as it is formed from glycogen. Gly-
cogen is also the carbohydrate which is the immediate source 
of energy. 
5. Experiments indicate that excessive activity results 
in a relative increase in the concentration of the lactic acid 
content of the active tissue and this has a depressant effect 
I 
on the active tissue in which the lactic acid accumulates. 
This depressant effect may impair the efficiency of the entire 
organism. 
6. The processes involved in the decreased efficiency of 
function resulting from excessive activity are: (a) a produc-
tion of lactic acid that exceeds its removal, and tb) an ex-
penditure of energy that exceeds its supply. A decreased ef-
ficiency of fUnction resulting from excessive activity is re-
garded as physiological fatigue. the effect of Which has a 
general influence over the entire body. 
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Section II 
The rlelation of ~atigue to Health 
INTRODUCTION 
Good health is a moat valuable asset of life. 
By good health it is implied that the condition of the or-
ganism is such that all the component organs and systems 
function normally and perfectly. Since good health, which 
makes efficient function possible, is highly desireable, fa-
tigue should be avoided for it was noted in the preceding 
section that fatigue brings about a decreased efficiency of 
function. 
It is the purpose of this section to indicate how 
certain factors may produce fatigue and to see how fatigue is 
related to health in general and to show that fatigue may even 
seriously undermine health. 
SOURCES OF FATIGUE 
According to the preceding section, physiological 
fatigue, which results from excessive activity, is thought to 
be due to an accumulation of katabolic products or to a fail-
ure in the supply of available energy and to some extent to 
both of these factors. 
A. The Body - The Primary Source of J!•a.tigue. t>ince the 
seat of fatigue is within the body, the body may be conceived 
of as the primary source of fatigue. 
B. ~he Environment - Secondary Sources of Fatigue. In this 
section an attempt is made to indicate how certain factors, 
such as food, ventilation, illumination have an important bear-
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ing on fatigue. Since these factors are related to the 
environment~ the environment may be regarded as a secon-
dary source of fatigue. 
f he influence of posture and exercise will also 
be considered. 
~· Most important of the environmental factors in 
their relation to fatigue is food. In the physiological 
consideration of fatigue, the significance of food as the 
primary source of available energy is of utmost importance. 
Therefore, the food we eat should be adequate in order to 
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meet the demands of the body. This involves a balanced diet, 
liberal and varied, containing all the food elements re-
quired by the body. Such a diet should contain carbohydrates, 
fats, and proteins in proper proportions, together with the 
necessary mineral substances and vitamins. 
The amount and type of diet should vary with the 
individual, the type of work performed by the individual 
and the climate. .!!'or example, a man performing heavy work 
requires a diet that will readily yield more ene r gy t han i s 
required by a man doing light work. Temperature is also of 
some significance because the body requires more heat pro-
ducing food where low temperatures prevail than is required 
where relatively high temperatures prevail. Where there are 
seasonal changes in climate, there should be corresponding 
changes in diet. 
The following descript ion illustrates the value of 
an adequate diet: 
Nelson et al (Am. Jour. Physiol. vol. 77, 1925) 
have demonstrated a relationship between vitamin de~iciency 
arid muscular fatigue in their experiments on rats. In 
these experiments, one set o~ rate - the control group -
received an adequate and proper diet. Another set of rats 
received the same type of diet, but in this diet there was 
a deficiency of the vitamin content. Muscle preparations 
were made and these results were observed:1 When a diet 
lacking vitamin B is given the animals, curves are produced 
which show progressive diminution in amplitude and endur-
ance. These curves also show progressive loss of tonicity 
and an irregularity of contractive. Animals lacking vita-
min A produce similar curves, but the decrease in tonicity 
is not apparent. The indication is that a relationship ex-
ists betwe~n vitamin deficiency and muscular fatigue. 
The signi~icanoe of a _proper diet is now quite 
~ully realized. Fatigue is to be avoided if efficiency of 
function is to be maintained. Caees of individuals who 
have not had proper diets, especially those cases of mal-
nutrition brought to institutional clinics afford suffi-
cient proof that individuals who have not had proper diets 
are not as efficient as they might be. These individuals 
have been found to be more readily subject to fatigue than 
individuals who have been receiving proper diets. A gain 
in efficiency has been observed when the condition of mal-
1-Results from Nelson at al "Relation of Vitamin Deficiency 
to MUscular Fatigue (Am. Jr. Phys., May, 1925) 
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nutrition was remedied. 
Ventilation. Ventilation is considered as the second 
of the most important environmental factors in their rela-
tion to fatigue. The importance of good ventilation as a 
requisite for the maintenance of health and efficiency has 
long been realized, but the .earlier conception of what good 
ventilation involves has been modified. It was formerly 
believed that a slight increase in the concentration of oar-
bon dioxide of inspired air was the chief cause of any de-
crease in efficiency influenced by poor ventilation. Con-
sequently, the earlier view defined good ventilation in 
terms of an adequate supply of fresh air supplied at the 
rate of 30 cu. ft. per person per minute. Such an inter-
pretation of good ventilation implies that the increased 
carbon dioxide factor is eliminated if air is supplied at 
above rate. 
At present a slight increase in the carbon diox-
ide c.oneentration of inspired air is not regarded as the 
chief factor in the cause of impaired efficiency resulting 
from poor ventilation. In fact, experiments show that the 
essential factors of good ventilation involve an adequate 
supply of:· ·fresh air (i.e. air in motion) at proper tempera-
ture and low relative hunddity. The present view does not 
hold that air must be supplied at a given rate as mentioned 
above. 
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L. Greenburg1 in the American Journal of Public 
Health traces the development of the latest view of good 
ventilation. This view is based on experimental evidence, 
which is here briefly summarized. 
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In 1905, h1liigge placed several people in a closed 
cabinet of 3 cubic meters for four hours. During this pe-
riod the carbon dioxide concentration of the air breathed 
by the people within the cabinet rose as high as 1.5%, but 
so long as humidity and temperature were kept down the power 
to carry out mental and ergographic tests was not impaired. 
Furthermore, one of Flugge's pupils was enclosed 
in the cabinet for four and three-fourth hours. The air he 
inspired was found to have a carbon dioxide concentration of 
1.21~. a temperature of 75°F. and a high relative humidity. 
There were also people outside the chamber, who breathed the 
cabinet air supplied to them by means of a tube. The temp-
erature of the outside a~r was a few degrees lower and the 
relative humidity was also lower. These results were ob-
served: The enclosed subject s~~fered immediate discomfort 
and his mental and physical abilities were impaired, which 
was not true of the persons outside the cabinet and breath-
ing the cabinet air. The experiment was reversed so that 
the enclosed person inspired the outside air supplied by 
means of a tube. It was found that he still was uncomfort-
able and his ability was impaired. He was not benefited 
1 - L. Greenburg, "Necessity for Changes in the Ventilation 
Laws of the u. s. (Am. Jr. Pub. Health, vol. 1, No. 1, 
Jan., 1926) 
by the fresh air unti 1 the humidity within the cabinet was 
made favorable and the temperature reduced to 63°F. In 
another case \Benedict and Miller, 1907) a similar experi-
ment was carried on in which the carbon dioxide concentra-
tion reached 2.3%. It was found that physiological function 
was not impaired so long as the chamber was kept cool and 
the relative humidity was low. 
35 
These experiments firmly establish the importance 
of favorable relative humidity and proper tempe~ature as the 
chief factors of good ventilation and indicate that poor ven-
tilation is not so much a matter of increased carbon dioxide 
concentration as of high relative humidfty and temperature. 
At present, there is a movement which aims to ap-
ply the knowledge gained from these experiments and to do 
away with the artificial ventilation systems which supply 
air at 30 cu. ft. per minute per person. This applies to 
rooms and assembling places with seating capacities of 75 
to 100. such as school rooms. :H' or these places, good venti-
lation involves: (1) adequate air supplied by the ordinary 
method (window supply and gravity exhaust system of venti-
lation) ; ( 2} the maintenance of a room temperature of 65° B' . 
to 75°F; (3) a relative humidity of 3a~-60%; and (4) air 
moving at a slow velocity with no drafts. 
Under such conditions the occupants of a room are 
found to be less susceptible to fatigue and most efficient. 
\ .':, 
Furthermore, the incidence of respiratory diseases 1:-:f. 
found to be lower where the ordinary type of ventilation 
exists and higher where the artificial fan type of venti-
lation prevails. 
1 Illumination. Illumination may be regarded as the next 
important of the environmental factors in their ·relation to 
fatigue. Because of the great extent to which the organ of 
sight is used, the eye is :. yery _easily overworked, and fa-
tigue results. One of the commonest contributory causes is 
poor illumination. When illumination is poor, it takes a 
longer time to see clearly. As a result, the speed of vi-
sion is reduced and the power to maintain clear vision is 
diminished. This means decreased efficiency on the part of 
-
the eye. Furthermore, poor illumination causes us to bring 
objects closer to the eye in order that we may be able to 
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see them more clearly. As a result a struggle in accommo-
dation occurs between certain sets of antagonistic ocular 
muscles; one set attempts to constrict the pupils as the 
object is brought nearer the eye, whereas the other set tends 
to dilate the pupils in order to admit more light. ~his 
brings on fatigue. 
Assuming that the amount and type of work is the 
same, an individual is les~ apt to become fatigued where 
conditions of natural illumination prevail than where the 
type of illumination is artificial. However, artificial 
lighting is so necessary to aany types of industrial work 
1 - Public Health Bulletin No. 140 - Studies in Illumination, 
July, 1924. 
and to modern life that we are dependent upon artificial 
sources of light to a considerable extent. The present 
tendency is to improve lighting systems in order that eye 
strain may be reduced. 
Posture. In this study only the most important of the 
environmental factors in their relation to fatigue have been 
considered. In addition it is convenient to include some 
personal factors, such as posture and exercise, which have 
a sign~ficant bearing on fatigue and health. The ease of 
posture is considered first. 
Since habit influences posture to a great extent 
it is desireable that correct postural habits be formed and 
the earlier in life, the better. The reason for this lies 
in the fact that habitually poor p~sture may so affect the 
organs of the body that the efficiency of the entire organ-
ism is impaired. l!'aul ty posture has been known to induce 
physical deformities. For example, habitually poor posture 
may throw an undue strain on a particular set of muscles. 
Consequently, one group of muscles may develop strength at 
the expense of an antagonistic group and permanent malforma-
tion may result. Of the deformities which may be due to 
faulty posture, the most prominent are exaggerated spinal 
curvatures, lateral displacements of the vertebral column, 
and round shoulders. Elevation of one shoulder above the 
other is also common. Cramped positions have been known to 
seriously interfere with the process of digestion. ¥aulty 
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habits of standing and walking may cause weak arches, which 
in turn may weaken the lege. 
The Fatigue Position. 
1 . 
Miss Bancroft gi vee an ade-
quate illustration of what she called the "fatigue position". 
This is described as follows: 
"The neck and head droop forward. The upper part 
of the trunk sinks backward, so· that a straight line indi-
eating the axis of the head, neck and upper back region 
slopes downward and backward to the region of the shoulders 
instead of being vertical. The axis of the lower trunk 
joins this upper line at an angle and slopes in the opposite 
direction - downward and forward to the hips. A line from 
this point to the forward part of the foot would mean still 
another angle following a third direction. There are thus 
in the fatigue position three distinct lines indicating the 
axes of the three main positions of the body, instead of one, 
continuous vertical line as in the perfectly erect position." 
Although lfiss Bancroft's study is based on a sur-
vey of school children, many of her views are applicable to 
adults - the"fatigue position", for example,. The danger of 
the "fatigue position" among school children lies in the 
fact that it may become habitual and lead to postural de-
fects which would impair general efficiency. One school sur-
vey2 tends to show that poor nutrition. defective vision. 
1 -Bancroft, ~he Posture of School Children. 
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2 - ~terling; Public Health Heprint No. 779 - Ehysical Defects 
of Children. 
adenoids, and bad tonsils te d to have an unfavorable ef-
fect on the posture of child en. 
A very important a pact of posture is that pre-
sented by H. M. Vernon, 1 who finds that changes in posture 
are just as necessary as res pauses, if efficient work is 
to be performed. The reason for this lies in the fact that 
the continued maintenance of any one posture is in itself 
fati gt1ing. By changing post 
is transferred from a relati 
relatively inactive group. 
position muscular tension 
active set of muscles to a 
this way, the various sets of 
muscles are benefitted by mo e frequent periods of rest and 
the maintenance of efficienc is continued. One should not 
overlook the fact that fati ' e may be a cause of poor pos-
ture as well as a result of oor posture. 
In general there a a three ways of promoting good 
posture. First, posture may be promoted by acquiring correct 
I 
pos~ural habits as early in 
ture may be promoted by 
office, industrial, and 
as possible. Second, pos-
ng proper types of school, 
furniture which will permit 
good position. Third, postu e may be promoted by means of 
simple, energetic exercises. 
After posture, it s convenient to consider exer-
oise,whioh is another import t factor that bears on fatigue 
and health. 
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1 - H. M. Vernon·, Effects of Posture and Rest in Muscular Work (Nature, Feb., 1925) 
Exercise. According to Vernon, the promotion of the 
circulation of the blood hel s to prevent fatigue. Now, 
since exercise is an excelle1t means of promoting the cir-
culation of the blood, exercise is beneficial to health. 
Excessive exercise, however, causes fatigue and is known 
to be harmful. For example, there are records of collapse 
in marathone,and cases of de th resulting from overexertion 
are not unknown. 
Since ' there er in excess, exercises should 
be taken in small amounts at first, then they may be gradu-
ally and progressively incre sed with this in mind, namely, 
that the efforts of the indi idual should be confined within 
safe limits of physiological capacity. This is adhered to 
by coaches and directors of rhysical training and athletic 
activities for they preserib 
sively from the very light t 
involving a short period of 
tively long period of time. 
practice for the individual 
strenuous exercises, the tr 
exercises graduated progres-
the very strenuous, from those 
ime to those involving a rela-
Since it takes time, care and 
o build a tolerance for the 
ning period is very important 
for it is during this period that the individual grows in 
strength and efficiency. 
The chief value of proper exercise lies in the 
fact that it helps to keep t e individual in good physiolog-
ical condition. Certain con lusions may be drawn concern-
ing exercise which are here numerated: 
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1. Recreative exercise sho ld be varied in order to 
avoid monotony. 
2. Activities should not o ntinue to the point of fatigue 
if efficiency is to be mainta ned. 
3. We should not go tired to the digestion of a meal. 
4. We should not exercise immediately after eating, be-
cause by so doing the blood s pply to the digestive organs 
is diminished at a time when he digestive organs require an 
adequate supply of blood. 
5. Gradually progressive e eroises promote efficiency. 
6. Periods of activity ld be alternated with periods 
of rest in order that the tissues may recover from 
the fatiguing effects of kat olism. 
RESUME OF FATIGUE IN RELATIO TO HEALTH 
Thus far the discu sion concerning fatigue in re-
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lation to health has been co 
ventilation, illumination, p 
consideration of food, 
exercise. - Inade-
quate food, poor ventilation, poor illumination, faulty pos-
ture, and excessive exercise are found to be some of the 
chief causes of fatigue. E essive exercise, more9ver, in-
cludes excessive activity 
A consideration factors (mentioned above) 
revealed the fact that they influence the entire or-
ganism that a decreased effi of function results and 
this is evidence of fatigue. Brief reference has been made 
of :possible means of regulating some of these factors in 
order that fatigue may be avoided. It has also been hinted 
that fatigue may undermine health. For this reason it is 
considered essential to this section the subject 
of disease with this in namely, to reveal how fatigue 
may be related to disease, t indicate how there may have 
developed the idea that ther is a fatigue-disease and to 
review a recent study which ecognizes the existence of a 
fati gae -disease. 
FATIGUE AND DISEASE 
A. Possible Develo of the Idea that Fati e is a 
Disease. The first definite scientific reference which sug-
gests a close relationship b tween fatigue and disease may 
be traced to the first decad of this century. At that time 
F. s. Lee1 announced that th re are probably few physiologi-
cal functions that are fected unfavorably by prolonged 
and excessive activi~y of th muscular and nervous systems. 
According to him, excessive ctivity of the muscular and 
nervous systems gives rise t acids which have a depressant 
action and produce fatigue. ]urthermore, a similar reaction 
is characteristic of many di eases in that acids are pro-
duced which load the blood ad tissues, giving rise to a con-
dition of acid intoxication. In these respects, Lee sees a 
close relationship between f tigue and disease. In compar- . 
1 - F. s. Lee, The Harvey Le tures (1905-1906) 
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ing fatigue w1 th acid intoxi brings out the idea. 
that "the acids involved are those that normally exist in 
small quantities and are imm 
the result of incomplete oxi 
products of metabolism -
The above ideas a.r presented because they sup-
port the interpretation of t e fatigue theory accepted for 
this study and because they ppear to be the basis of a. 
recent study which is to be eviewed in this section. 
Another writer, Ro er I. Lee, 1 mentions two sig-
nificant points which suppor and add to F. s. Lee's ideas, 
namely, (1) fatigue is cumul tive, and (2) fatigue is essen-
tially chronic in character. 
The first of these views is in harmony with the 
accepted accumulation etation of fatigue and the sec-
ond view serves as an ction to E. H. Ochsner's study 
in which there is described condition which the author con-
siders to be a real fatigue isea.se to which he has given 
the name, "chronic fatigue toxication,... 
Ochsner's study2 presented in brief detail be-
cause it is comparatively re , ent and because it appears to 
have developed from precedin fatigue studies to which have 
been added some clinical dat • ~'u.rthermore, Ochsner's study 
is in harmony with the aocu , lation theory as interpreted in 
1- R.I. IJee, Health and Di ease. 
2 - E. H. Ochsner, Chronic F tigue Intoxication. 
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the section on physiological fatigue. 
B. Chronic Fatigge Intoxication. The following de-
scription of chronic fatigue intoxication is a brief summary 
of Ochsner's study as set forth in his book. 
1. Definition. "Chronic fatigue intoxication is a general 
systemic. chronic disorder resulting from the accumulation 
in the tissues of fatigue substances." 
2. Causes. 
a. Main Causes: (1) Long continued physical overwork. 
(2) Physical overstrain after a severe 
illness. 
(3} Continued exposure to bad air in 
ill-ventilated places. 
(4) Exposure to coal and sewer gas. 
b. Contributory 6auses: 
(1) Long continued excessive loss of 
sleep. 
(2) Long continued excessive use of 
narcotics and alcohol. 
(3) Exposure to beat over long periods 
of time. 
(4) Mental overwork and eye strain. 
(5) Habitually overeating. 
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(6) Continued exertion of a fUll stomach. 
3. Symptoms. 
a. Impaired mental and physical ability. 
b. General sluggishness. 
c. Hypersensitivity to alight variations in temperature. 
d. Generalized tonic muscular spasm. 
e. Reaction to a stimulus is disproportionately 
sluggish and feeble in comparison to the stimu-
lus acting. 
f. Mental irritability. 
4. Treatment. Consists of: 
a. Avoiding physical work and emotional excitement. 
b. Securing sufficient sleep and rest. 
c. Eating wholesome and proper food. 
d. Breathing of good air. 
e. Taking suitable baths. 
5. Persons Most Easily Susceptible. 
a. Very conscientious professional men and social 
workers. Those who push themselves to acquire 
wealth or great reputations. 
b. Over ambitious students, who in addition to their 
regular class work, do outside work. 
c. Business men, who see great opportunities in the 
expansion of their business and who work hard 
all day; those who consume excessive quantities 
of highly nitrogenous foods and attend theatres 
and poorly ventilated night clubs; those who 
consume alcoholic liquors and use much tobacco; 
those who do not get sufficient sleep. 
d. Debutantes who are constantly on the go, who con-
sume large quantities of rich bonbons, who dance 
until the early hours of the morning in over-
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crowded, stifling, hot ballrooms. Hostesses who 
stand by the hour at receptions and who attend 
receptions night after night. Women who strain 
themselves to get into a certain "set" and then 
strive hard to maintain themselves there. 
e. l!1arm boys, who are shamefully overworked, particu-
larly those in the Jears of adolescence. 
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f. Manual laborers of all kinds and farmers, especial-
ly those whose farms are heavily encumbered. 
g. Pace makers in large industrial plants and their 
less efficient workers who try to keep up to this 
pace which is accelerated for them. 
h. Individuals with uncorrected errors of accommodation, 
particularly if compelled to do much near work. 
i. Individuals with physical handicaps whose ambition 
in the struggle for existence leads them to ex-
ert themselves unduly in order to keep up with 
their normal companions. 
j. Business and professional workers, especially 
teachers, private secretaries, department managers, 
etc., who try to fill the double role of bread-
winner and homemaker. 
k. The willing assistant whose superior finds it easier 
to pile work on him than to prod up the lazier 
assistants. 
6. Discussion of Chronic Fatigue Intoxication. As yet 
there has been no scientific recognition of a specific dis-
ease which should be called "chronic fatigue intoxication". 
On the contrary, there has been no denial of the existence 
of such a disease. In criticism, it might be said that al-
though F. s. Lee saw a close analogy between fatigue and 
acid intoxication, there seems to be no justification for 
calling chronic fatigue -a condition which has been recog-
nized - "chronic fatigue intoxication". 
However, Ochsner's study presents these views 
which are in harmony with the interpretation of fatigue as 
presented in this thesis, namely: (1) Fatigue is due to 
gradual accumulation in the tissues of fatigue substances 
which load the system. (This is in harmony with the present 
interpretation of fatigue because be further states that) 
1 2) There results i -noomplete oxidation which hinders the 
system from removing the fatigue products of metabolism 
which form under normal conditions. 
CONCLUSION 
4'1 
In concluding this section which deals primarily 
with fatigue in relation to health, it would be proper to in-
dicate how fatigue breaks down resistance and so predisposes 
the organism to infection. The following passage is there-
fore quoted from Turne-r. 
"Experimentally it has been :found that white rats 
are more susceptible to anthrax after being worked in a re-
volving cage; and it has also been found that the defensive 
powers of dogs, rabbits and guinea pigs against typhoid are 
reduced by excessive exercise. It is hard to explain how 
fatigue produces these results unless we accept the sugges-
tion that katabolic products of muscular activity are injur-
ious to the cells, especially the white blood cells, which, 
as we shall see later, play an important part in immunity. 
It is known that these products are acid and that some of 
the protective substances in the body {alexins and opsonins) 
act best in an alkaline med1um."1 
1 - ~urner, Hygiene: Dental and General, page 127. 
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Section III 
Industrial Fatigue 
The Relation of :H'atigu.e to Work 
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INTRODUCTION 
1. Definition. In the section devoted to the physiol-
ogy of fatigue, fatigue is conceived as a decreased efficiency 
of function, resulting from excessive activity. The same view 
is entertained in the section on fatigue and health. This 
view also obtains for this section and industrial fati~e may 
be defined as a decreased capacity for work, or decreased 
efficiency. 
2. History. In industry, there have been numerous at-
tempts to analyze the problem of fatigue in relation to work. 
In this field, the United States . _. Public Health Service 
has been very active and most of the important work relative 
to industrial fatigue has been carried on under the direction 
of this agency. 
The best studies of the industrial fatigue problem 
date from the period of the recent war. During the war in-
vestigations were conducted both in Great Britain and in the 
United States under conditions that are considered to be as 
favorable as possible for a study of industrial fatigue. 
The investigations were studies of efficiency in war indus-
tries. 
DISCUSSION OF INDUSTRIAL FATIGUE STUDIES 
Favorable Conditions of Government Studies. These 
war studies of industrial fatigue afforded most favorable 
conditions for carrying out fati~e investigations in indus-
try, for two reasons: first, because there was sufficient 
work to be done, and second, because the worker at that time 
had a most urgent incentive to do his best. The workers in 
general aimed at maximum efficiency, not only in order to re-
ceive higher wages on an increased pay schedule, but also to 
hel~ the country. Nevertheless such a variety of factors 
may influence the studies of industrial fatigue that the 
problem is exceedingly complex. 
Factors Which May Influence Industrial Fatigue and 
Make the Study Complex. In the industrial fatigue studies 
special records must be made for different types of work. 
For example the nature of handwork differs from the nature 
of machine work. ~urther.more - granted that the worker is 
healthy and trained for his task - the most important fac-
tors which are responsible for industrial fatigue are: (1) 
the nature and intensity of the work and (2) the length of 
the working period. 
Other factors which may complicate studies of in-
dustrial fatigue are such factors as poor lighting facilities, 
poor ventilation, over-crowding, noise, vibrations, mental 
state of the workers' mind, and the distribution of the 
working material. This last factor may cause the tall O+ 
short person to make unnecessary movements and so expend 
more energy in the handling of materials that are not con-
veniently placed. Posture, and the speed or even the monot-
ony of the work may greatly influence industrial fatigue. 
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DETERMINATION OF INDUSTRIAL FATIGUE 
Most of the studies of the fatigue problem in 
industry regard fatigue as a diminished capacity for work 
or lowered efficiency. Thi~. is largely judged by record-
ing the quantitative output of work. A quantitative decrease 
in the output of work as the work progresses is considered to 
be evidence of fatigue. A description of the way in which 
a study of industrial fatigu.e on the basis of quantitative 
output is made is herewith presented: 
1. Construction of Output Curve. The usual method of 
measuring putput involves the construction of a working curve 
which is similar in form to the curve obtained in the physio-
logical laboratory when a single muscle is stimulated. The 
numan aurve of work is constructed by plotting quantitative 
output of product on a vertical axis against hourly unit of 
time along a horizontal axis. A typical industrial curve of 
output is here represented: 
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muscula1· handwork. 
Average output observed each working hour. 
Ratio 
# of spells-
Second 
-
Ninth. I Tenth. spell to Average Average first spell =l"&~ Eighth. (in per Fourth. for spe . SLxth. Seventh. for spoil. for day. cent). 
525 624 534 457 462 339 483 504 540 428 1\4.3 77.4 80.8 92 
86.5 68.6 84.1 100.0 85.6 73.2 74.0 443 445 430 400 269 404 474 451 483 475 77.7 85.2 84 
91.2 86.7 92.9 91.4 8ii.6 82.7 76.9 
1)1.7 
816 840 800 798 782 741 792 832 865 841 91.6 94.3 94 97.1 92.ii 92.3 90.4 8ii.7 96.2 100.0 97.2 773 816 859 815 891 875 827 458 923 764 81.0 85.6 00 
96.8 80.1 90.0 85.4 93.4 91.7 86.7 48.0 
--
93.6 89.3 8ii.O 82.0 69.9 81.9 86.6 £0 92.7 83.9 91.1 
CHART 9.-Index numbers show~ng per~ntage v_ariations of hourly output from limit 
of posstble effic~ency. 
TEN-HOUR PLANT-MUSCULAR HANDWORK TYPE. 
L/1'1/T OF POSSIBLE £FFIC/l!NCY ( /00) :HIGHEST OUTPUT FITTIIIN~BLE IF 
RLL OPEMTIO(I/S COMPOSING GROUP RERCH HI1X!MUI'111T SFIME HOU . 
~=DIFFERENCE BETWEEN UMITOF POSSIBLE EFFICIENCY IINO 
ACTUAL Jtf,~XIMVM HOUR•S OtJTPlJT FOR GROUP. 
fi11J111IJ ; DIFFERENCE BETWEEN 1'1/IX/MUM OUTPUT~(]_ QI!If'J![OFEIICH/IOIIII. J 
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A. Explanation of the Output Curve. The human curve in 
work of a muscular character may closely resemble the labor-
atory single muscle curve. At first there is a gradual rise, 
which means that the worker is getting into the swing of his 
task. This part is quite analagous to treppe. After the 
first hour or two, output gradually falls off- the curve 
shows a steady decline, which is supposed to indicate fatigue. 
The worker then partakes of lunch and rest. After the noon 
period, the measurements show a curve very muoh like the 
morning curve, but with slight differences. For instance, 
the afternoon curve often shows a higher maximum and a more 
rapid rise to this maximum. This is supposed to be due to 
the restorative effect of food and rest. The afternoon curve 
also shows a greater fall, i.e. a lower minimum than the 
morning curve which is supposed to be due to the cumulative 
effect of fatigue during the day. 
B. Complexities: Factors which may Influence OUtput Curve. 
However, the curve of the worker may not be a true fatigue 
curve. The rise and fall may come about as a matter of voli-
tion or habtt. Very often there is evidence of voluntary 
restriction of output. The motives of the individual may 
determine to a large extent the form of the curve. The im-
portance of the nervous system can be appreciated when it is 
realized that its influence may so complicate matters that it 
often becomes impossible to distinguish between voluntary and 
involuntary factors. In general, work of a distinctly museu-
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lar nature shows an output curve that gives evidence of 
apparently progressive fatigue. Often the curve is broken 
by another rise and fall during the last half of the after-
noon period, which may be comparable to second wind. Even 
so, the rise is less and the fall more in this final spurt. 
c. The Plateau Curve. Some of the curves, in cases of 
rhythmic and monotonous work, show a slight rise at the 
start of work and then the curve progresses horizontally 
throughout the working period without any evidence of fatigue. 
Such a horizontal curve is often called a "plateau". 
There are instances of output curves which do not 
vary from day to day or from week to week. The wherefore 
of such uniform output is open to wide discussion. It may 
mean that the worker is not producing as much as he is able, 
that he has willfully or habitually established a certain 
pace or has decided that a particular amount is sufficient 
for a day's work. 
Individual curves of this type usually show an 
early drop but just before closing time there is a marked 
spurt. Why there should be a final spurt is not always clear 
because it is not only found when wages are paid by the day, 
but even where pay is based on quantitative production and 
the worker is free to earn more. Lee analyzes such a curve 
as follows: 
"Its cause is probably complex and many elements 
may enter into it - the unthinking recognition that a certain 
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amount is enough for a day•s work; the fear often justified, 
that if more is accomplished, piece rates will be cut; the 
disinclination of many rapid workers to surpass their fel-
lows; the unwillingness or inability of the foreman to drive 
until individual capacity is reached; the realization by the 
foreman that if individual capacity is reached his depart-
ment will soon exhaust all its available stock; and last, 
but not least, in many oases just plain human laziness." 1 
How Curves are Possibly Affected by Psychological 
States. burthermore, curves of work are complicated ·by men-
t a l and psychic factors. -Many curves of work, no doubt, may 
show a series of spurts. (Spurt indicates a rise in curve, 
i.e. increased output.) An end spurt may appear because the 
worker becomes conscious that he has dropped behind and there-
fore wishes to catch _up, or because he sees his fellow worker 
is ahead of him, or because a payment is in sight. 
D. Variations in OUtput Curve. Very often, an initial 
spurt is due to the fact that the worker comes fresh to his 
task with a reserve of strength and enthusiasm and a degree 
of energy that soon wears off after the first few minutes of 
work. A sudden spurt may occur at any time the superintend-
ent appears. This is a psychological factor. Worry, brooa-
ing, discontent, lack of interest, and boredom may result in 
a decreased output of work and the curve will reveal a slump. 
Some of these effects may be dispelled by a change of work. 
1 - .!!' . s. Lee, Pub. Health Heprint No. 448, 1918. "Industrial 
Efficiency" 
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For example, a person may be better contented Wi.th some types 
of work than with others. 
If adequate incentives are introduced in the work, 
a change in mental attitude may result which will lead to 
greater efficiency. The tendency toward the reduction of 
working hours, and the breaking of continuous spells of work 
by the introduction of rest periods are two ideas which are 
now being advocated for the sake of keeping the worker at max-
imum efficiency. 
E. Importance of OUtput Curve. lmch has been said concern-
ing the inconsistencies of the human curve of work and it is 
realized that there are many uncontrollable factors which no 
doubt influence output to some extent. Nevertheless, a record 
of quantitative production during the hourly period of work 
is considered to be the best method of detecting industrial 
fatigue and measuring industrial efficiency. 
Measuring the amount of output, however, is not the 
only method of studying industrial fatigue. Other methods. 
which are applied for the purpose of detecting industrial 
fatigue involve records of spoiled work, accidents,lost time, 
and sickness. A brief explanation of the various methods em-
ployed to measure industrial efficiency and detect fatigue 
follows: 
2. Methods of Demonstrating Industrial Fatigue. Accord-
ing to Reprint No. 482, objective measurements must be employed 
to be sure that an individual is really fatigued. The follow-
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ing modes of measurements are given: 
A. Amount ofOutput. This is considered to be one of the 
readiest means of testing for fatigue. Records are kept of 
the individual output by the hour, day, or week. A decrease 
in output, when not explicable by "extraneous" factors, is 
an indication of fatigue. If the duration of the working 
period has been changed, the fatigue test i nvolves a compar-
ison of the average output per hour between the earlier and 
'-
later schedule~ . 
B. Amount of Power Used. A dimu.nutiCl'n in the amount of 
electrical or other power consumed in a factory, or in one 
of the departments, may be regarded as an index of decreased 
output and thus of fatigue of the workers. Allowances must 
be made for obvious factors such as unavoidable cessati on of 
power supply. 
c. Quality of Work. Fatigue is also indicated by a de-
preciation in the quality of work and may be measured by the 
amount of spoiled or defective work turned out. 
D. Accidents. The number of accidents to the workers 
during a working period may to some extent be considered as 
an index of fatigue. Speed and high tension work increase 
the chances of accident occurrences. In slow operations the 
accident rate is reduced. According to Goldmark (Fatigue and 
Efficiency, 1912, p. 376) the accident rate is reduced during 
the first and last hours of the morning and afternoon periods. 
In a way fatigue does not play such an important part in caus-
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ing accidents, since toward the end of the working period · 
fatigue brings about a slackening of the work. Naturally, 
the slower the work, the less the opportunity for accident. 
On the other hand, fatigue disturbs the coordinating bodily 
processes and reduces alertness. Consequently in work of 
an exacting nature, accidents will happen on account of a 
slight reduction of ability to respond quickly in certain 
situations. 
E. Absences. Some times the number of absences from 
work and even sickness may be due to fatigu.e. :B1or this 
reason, it is important to keep records of this factor. 
Fra·eul{el and Fleisher1 cite the case o1 the Solvay Process 
Co. of Syracuse, which changed from a two to a three shift 
working day. As a result the time lost per man per year 
fell from seven and one-half to five and one-half days. The 
inference is that long hours are conducive to fatigue, ill-
ness and absence. 
F. Laboratory tests. 2 Various laboratory tests are employed 
for measuring fatigue. There are tests of muscular rapidity 
such as tapping, tests of precision such as dart throwing, 
and the ergographic test of Mosso. There are mental per~orm­
ance tests such as the Kent tests for visual and auditory 
acuity, which are made before and after work periods or at 
the beginning and end of working spells. Ryan's test for 
rythmical work is one of the practical tests. 
1 - ~·raeukel and Fleischer, "The Human .!!'actor in Industry" 
2 -Florence, "Economics of Fatigue and Unrest" 
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Florence states that the chief difficulty in at-
tempting to detect industrial fatigne by laboratory experi-
ments is to reproduce the industrial atmosphere. 
(1) Ryan's Skin-Vascular Test. It is interesting 
to note one of the practical laboratory tests known as Hyan's 
vascular skin test. This test is adapted to the testing for 
fatigue in work of a rhythmical nature. The output curve of 
rhythmical work gives no evidence of fatigue because the de-
gree of rhythm at the outset of the day is the same as at the 
end of the day. A curve of rhythmical work differs from that 
of other types of work curves in that there is no fall in the 
output during the day. The curve of rhythmical work is a 
plateau curve. 
To measure fatigue in the case of rhythndcal work, 
Ryan's Test is considered to be of some value: The akin of 
the forearm is stroked lightly with a blunt instrument and 
the time from the moment of atimulati~n to the beginning of 
the fading of the white streak which resulted from the stroke 
is recorded. 
( 2) Results of Ryan's Fati gu.e Test. The time re-
quired for this reaction is found to be decreased by work and 
increased by rest. At the end of the morning spell of work, 
there is found to be a decrease in the reaction time and at 
the end of the day a still greater decrease. The accelerated 
fading time of the evening over that of the morning is inter-
preted as evidence of fatigue resulting from the day's work. 
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The value of laboratory tests in connection with 
industrial fatigue is doubtful on account of the difficulties 
involved. The Ryan skin vascular test, however, is pecul-
iarly adapted for its purpose. 
THE INDUSTRIAL PROBLEM 
The value of the various types of tests described 
lies in the fact that a loss in industrial efficiency is 
thereby revealed. This is shOWll by a decreased capacity for 
work performed during the day. The reason for this decreased 
capacity for work or loss in efficiency has been attributed . 
to fatigue. The problem for industry is to eliminate fatigue 
and to promote efficiency. 
The British munitions plants attempted to promote 
efficiency as a whole by increasing the number of working 
hours. It was thought that a longer working period ought to 
result in increased production, which would be a sign of pro-
moted efficiency. In other words, it was~ thought that because 
a man can do more work in two hours than in one hour, he ought 
to be able to do more work in twelve hours than in ten, or 
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more in ten than in eight. However, it was found that the long 
working period which prevailed in British industries produced 
excessive fatigue. 
The American Industrial Committee investigated a 
large munition factory where the workers worked through a twelve 
hour night work shift. In this study, the committee found that 
after 5 A.M. the output curve showed a rapid decline and 
during the last forty minutes of work, there was very little 
output, and often, nothing whatsoever. 
1. The Effect of Reducing Working Hours. If the last 
two hours were eliminated it would without doubt be a great 
help to the men. They would probably accomplish more in the 
shorter working stretch. 
Vernon of the British committee conducted an inves-
tigation which gave evidence of very favorable results when 
the hours were reduced. Lee tReprint 448) gives this in-
stance: "With a group of 80-100 women turning aluminum fu.se 
bodies, the reduction of the weekly hours of work from 66.2-
45.6, a saving of more than 20 hours, increased the gross 
production by 9%. When the weekly hours of 56 men engaged 
in the very heavy labor of sizing fUse bodies were reduced 
from 58.2 to 51.2, the gross output was increased by · 21%". 
This is quite significant and convincing. 
\f.hat has been learned from these studi~s is this: 
Long hours produce excessive fatigue which curtails output. 
If the number of working hours be decreased, fatigue will be 
avoided or retarded. b11rthermore, there will be no curtail-
ment of output - in fac.t t statistics show that greater pro-
duction and greater efficiency result when the number of 
working hours is reduced. 
2. The Eight-hour and Ten-hour Work Systems Compared. 
(American Study) Public Health Bulletin No. 106, Feb. 1920, 
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(Studies in Industrial Physiology - ..i!1e.tigu.e in Halation to 
Working Capacity), represents a thorough analysis of the 
fatigue-work problem. The investigation is confined to two 
very large industrial establishments engaged in the metal 
working industry. One factory operated twenty-two hours 
in the twenty-four under the two shift system - ten hours 
by day and twelve by night. ~~e other operated on three 
shifts of eight hours each. This study made use of the out-
put curve previously described. Calculations were based on 
averages taken from many single observations of each indi-
vidual and of many different individuals in order to obtain 
a composite and representative result. The report contains 
numerous tables and the investigators have taken care that 
the figures appearing in the tables are based on many hundreds 
of observations and exclude all based on less than thirty-two 
except in rare instances. 
3. Results: (a) The eight-hour system was found to be 
more efficient than the ten-hour system. Evidence for this 
lies i n a steady maintenance of output compared to a decline 
of output in the longer shift. In the eight-hour shift, more-
over, there is a minimum loss of time. 
(b) Accidents were found to vary directly as the 
speed of production on aoc9unt of increased exposure to risk, 
but fatigue is not a factor here. Where fatigue is present, 
this regular accident variation is upset and is indicated by 
(1) an increase in the number of accidents with the fall of 
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output in the final hours of the day. 
"The importance of fatigne in the causation of 
accidents is emphasized by the fact that the higher accident 
risk accompanies the deeper decline of working capacity -
(1) in the second spell as compared with the first; (2) in 
muscular work as compared with dexterous and machine work; 
(3) at the ten-hour plant as compared with the eight-hour 
1 plant." 
Another conclusion drawn from this study is that 
the level of the accident rate varies inverse-ly with the 
experience of the workers. 
(c) Some important and interesting data is given 
relative to the effects of rest in industry. The effect of 
r ecesses on total daily production was studied and it was 
found that varying results follow the introduction of ten-
minute recesses in the middle of the morning and afternoon 
spells. These are given: 
"(1) With some workers the loss of time is not 
made good · and the output falls. ( 2) With others_ the aQQel-
eration due. to the recess exactly balances the lo.ssr of time 
and the output remains the same. t3) In twelve of sixteen 
operations studied there was an average increase of produc-
tion after the introduction of recesses. t4) In operations 
having two periods of trial the gain in the second period was 
on the average, five times greater than in the first." 2 
1 - Public Health Bulletin, No. 106. 
2 - II If tf If fY 
63 
The effect of the recesses on hourly production 
resulted in an increased rate of production in the hours im-
mediately following as compared with the hours immediately · 
preceding the recess. Holidays were found to increase out-
put. 
~BE SIGNIFICANCE OF INDUSTRIAL FATIGUE 
The significance of fatigue in relation to industry 
is very apparent. Industrial fatigue results in decreased 
efficiency which constitutes an economic loss - loss by ab-
sence, loss by deficiency of output,(quantitative decrease), 
loss by defective output (quality of product sufi ers), poss ible 
loss by accidents, and loss by 111 health. 
~he elimination of the fatigue factor, twhich may 
appreciably impair industrial efficiency and so constitute a 
real economic loss) has become a feasible project. 
There are various ways by which fatigue can be re-
duced with a resultant increase in efficiency. ~hat these 
methods of reducing the fatigue factor in industry must be 
based on sound principles is fundamental. Although t he r e-
duction of fatigne involves considerable expenditure of money, 
there is no doubt. that in the long run there \rl11 be a distinct 
economic gain, if the proper steps to reduce fatigue are taken. 
The fol l owing ways of reducinf? fati gu.e are empha-
sized in Public Health Reprint No. 482: 
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SUGGESTIONS RELATIVE TO ELIMINA~ION OF FATIGUE AND PROMOTION 
OF EFFICIENCY 
1. Introducing rest periods. 
2. Introducing variety in work. 
3. Adjusting speed. (Fatigue is least when in conso-
nance with the worker's rhythm.) 
4. Omitting unnecessary movements. 
5. Providing adjustable seats. 
6. Maintenance of sanitary conditions. 
?. Adjusting the hours of work. 
8. Avoiding overtime work. (If a factory must be kept 
going day and night, three (eight-hour) shifts are 
advisable. The same workers should not be kept on 
the night shift continually.) 
9. Adjusting the work to the worker. (Each worker has 
a rhythm bast adapted to his own neuro-muscular 
mechanism and so workers with similar rhythms 
should perform the same type of work.) 
10. Omitting Sunday work. 
11. Recreational innovations. (Some of the larger firms 
have provided rest rooms, and club rooms with 
recreational facilities.) 
12. Maintenance of a health clinic within the plant. 
CONCLUSION Alto SUMl~Y 
1. The fatigue factor in industry is significant. 
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2. Industrial fatigue has been found to retard work 
and curtail production both in quantity and quality. Evidence 
of this is best shown by a study of output which involves the 
construction of an output curve. Fatigue may also be respon-
sible for accidents, illness, and ab~ence. 
3. Therefore fatigue impedes efficiency and con-
stitutes an economic loss. 
4. The aim of industry should be to eliminate 
fatigue in so far as possible and to keep the worker at 
optimum efficiency and capacity. 
5. The realization of this aim constitutes a real 
economic problem. Various methods of promoting industrial 
efficiency have been mentioned. 
6. The solution of the problem lies in planning 
work and adjusting workers to their tasks on a scientific 
basis in accord with the principles of industrial physiology. 
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